Background {#Sec1}
==========

Ageing is a natural phenomenon characterized by gradual deterioration of the body structure and function with important social, public health, and economic implications. Increasing evidence shows that inflammation is one of the key mechanisms associated with many ageing-related diseases, including cancer, atherosclerosis, hypertension, diabetes mellitus, ischemic heart disease, cirrhosis, Alzheimer's disease and other dementias and chronic diseases \[[@CR1], [@CR2]\].Therefore, disentangling age-related low grade inflammation may slow or delay ageing process \[[@CR2]\]. Many inflammatory effector molecules and biomarkers, especially C-reactive protein (CRP), interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α), have been considered as important factors associated with ageing, ageing-related diseases or disability \[[@CR3]\]. CRP, an acute phase protein, is primarily produced and secreted by the liver in response to IL-6.Serum levels of CRP can be measured by a high sensitivity immunoturbidometric assay termed high-sensitive CRP (hs-CRP). Many studies have shown that elevated levels of serum hs-CRP are associated with ageing and ageing-related diseases including cardiovascular disease (CVD), hypertension, diabetes mellitus, and kidney disorders \[[@CR4]--[@CR8]\].However, there is still a lack of evidence for the relationship between the baseline levels of hs-CRP and the ageing progress in general healthy population, which was investigated in this study. In addition, although many inflammatory mediators including dyslipidemia, insulin resistance, oxidative stress, and serum uric acid (SUA) have also been shown to contribute to high levels of serum hs-CRP under various disease conditions \[[@CR9]--[@CR16]\]. The link between hs-CRP and these factors in the healthy population remains unknown, which was also analyzed in this study.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

This was a retrospective study in the healthy Chinese population who underwent routine health examination carried out between April 1st, 2009 and May 1st, 2017 at Sun Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou, China. As described previously \[[@CR17]--[@CR19]\], the population enrolled into this study included the healthy subjects aged 18--89 years old without evidence of acute infection, cardiovascular disease, chronic kidney disease, cancer, diabetes, gout, obstructive pulmonary disease and Alzheimer's disease based on the previous medical record in Sun Yat-sen Memorial Hospital. Those with various diseases and abnormal medical laboratory tests such as eGFR less than 60 ml/min/1.73m^2^ were excluded from this study. The study protocol was approved by the Institutional Review Boards of the Sun Yat-sen Memorial Hospital and waived the need for informed consent and conducted in accordance with the principles embodied in the Declaration of Helsinki (2013).

Methods {#Sec4}
-------

Serum levels of glucose (Glu), triglyceride (TG), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), superoxide dismutase (SOD), serum creatinine (SCr), SUA, hs-CRP in fasting blood samples were measured by automated biochemical Analyzer 5800 (BECKMAN) or 7600 (HITACHI). The normal references of serum hs-CRP levels were set at 0--3.0 mg/L. The value of estimated glomerular filtration rate (eGFR) was calculated using the North American Chronic Kidney Disease Epidemiology (CKD-EPI) Collaboration equation.

Statistical analysis {#Sec5}
--------------------

The baseline characteristics of healthy population and subgroups were analyzed by using SPSS version 19 (IBM Corporation, Armonk, New York, USA). For continuous variables with symmetric distribution, mean data were expressed as mean±standard deviations (*SD*), whereas median and interquartile range (*IQR*) was used for those with asymmetric distribution and examined by Student's t-test, analysis of variance (ANOVA), chi-square test. Factors found to be statistically significant from univariate analysis (*P* \< 0.05) were then tested in multivariate analysis using Linear regression analysis modeling. The correlations between hs-CRP and other risk factors were shown in the scatter plots with linear regression line and *P*-value of \< 0.05 from two-sided tests was considered statistically significant.

Results {#Sec6}
=======

Baseline characteristics of healthy population {#Sec7}
----------------------------------------------

A total of 6060 healthy people who underwent routine health check were included in this study. Of them, 3672 cases (60.4%) were male and 2388 (39.4%) were female, and the age ranged from 18 to 89 years old with the mean age of45-year-old. Since age of 45 years old is known to be one of the risks for the development of atherosclerotic cardiovascular diseases in men and is the mean menopause age in women with declining steroid hormones and increasing pro-inflammatory markers \[[@CR3]\], therefore the age of 45-year-old was stratified as a subgroup for the risk factor of hs-CRP. As shown in Fig. [1](#Fig1){ref-type="fig"}, serum levels of hs-CRP were increased with ageing. Compared to male, female population exhibited higher levels of HDL-c and eGFR (*P* \< 0.05) but lower levels of hs-CRP, TG, CHOL, LDL-c, SOD, Glu and SUA (*P* \< 0.05).The population with age \> 45-year-old had higher levels of hs-CRP, TG, CHOL, LDL-c and Glu (*P* \< 0.05), but lower levels of eGFR and SOD (*P* \< 0.05) compared to age between 18 and 45. There were no differences in levels of SUA and HDL-c (*P* \> 0.05) between these two groups (Table [1](#Tab1){ref-type="table"}).Fig. 1hs-CRP levels in different age groups. Each bar represents the median and 95%CI as indicated. \**p* \< 0.05, \*\*\**p* \< 0.001 compared to the age subgroup of 18--30 year-old populationTable 1Baseline characteristics of healthy populationOverall (*n* = 6060)Sex subgroupAge subgroupMale (*n* = 3672)Female (*n* = 2388)*P*18 ≤ Age ≤ 45 (*n* = 3046)45 \< Age (*n* = 3014)*P*Age, y45.90 ± 11.1645.40 ± 10.9746.67 ± 11.41\< 0.00136.98 ± 6.0654.92 ± 7.18\< 0.001hs-CRP, mg/L1.18(0.60, 2.47)1.24(0.65,2.57)1.07(0.53,2.29)\< 0.0011.05(0.53,2.16)1.31(0.69,2.75)\< 0.001TG, mmol/L1.33(0.93, 1.99)1.53(1.07,2.27)1.08(0.80,1.57)\< 0.0011.26(0.87,1.97)1.39(0.99,2.02)\< 0.001CHOL, mmol/L5.35 ± 1.115.39 ± 1.135.28 ± 1.08\< 0.0015.19 ± 1.095.50 ± 1.11\< 0.001HDL-c, mmol/L1.35 ± 0.331.26 ± 0.291.49 ± 0.34\< 0.0011.35 ± 0.321.36 ± 0.340.204LDL-c,mmol/L3.35 ± 0.853.42 ± 0.853.25 ± 0.85\< 0.0013.24 ± 0.843.47 ± 0.85\< 0.001SOD, U/mL158.67 ± 32.55161.33 ± 36.06154.57 ± 25.72\< 0.001162.81 ± 21.05154.48 ± 40.59\< 0.001eGFR,ml/min.1.73m^2^83.89 ± 15.0482.50 ± 14.5086.02 ± 15.60\< 0.00188.55 ± 15.7779.18 ± 12.63\< 0.001SUA, μmol/L369.00(307.00,436.75)409.00\[358.00,466.00\]305.00\[263.00,353.00\]\< 0.001370.00\[303.00,444.00\]367.50(310.00,429.00)0.184Glu, mmol/L5.50 ± 1.585.65 ± 1.825.28 ± 1.09\< 0.0015.26 ± 1.315.74 ± 1.78\< 0.001*hs-CRP* High sensitive C-reactive protein, *TG* Triglyceride, *HDL-c* High-density lipoprotein cholesterol, *LDL-c* Low-density lipoprotein cholesterol, *SOD* Superoxide dismutase, *eGFR* Estimated glomerular filtration rate, *SUA* Serum uric acid, *Glu* Glucose

Risk factors of hs-CRP in the overall healthy population {#Sec8}
--------------------------------------------------------

As shown in Table [2](#Tab2){ref-type="table"}, the univariate linear regression analysis showed that age and levels of SUA and Glu were positively correlated with levels of serum hs-CRP (*P* \< 0.05), whereas, serum levels of HDL-c and SOD were negatively correlated with levels of serum hs-CRP (*P* \< 0.05). The multivariate linear regression analysis further identified significant correlations between hs-CRP and age (*β* = 0.033, *P* = 0.012), the levels of HDL-c (*β* = − 0.062, *P* \< 0.001), SOD (*β* = − 0.100, *P* \< 0.001) and SUA (*β* = 0.033, *P* = 0.015).Table 2The relationship between hs-CRP and biomarkers in healthy population (*N* = 6060)Linear regression analysisUnivariate analysisMultivariate analysis*βPβP*Age0.046\< 0.0010.0330.012TG0.0050.698CHOL−0.0040.729LDL-c0.0020.901HDL-c−0.061\< 0.001−0.062\< 0.001SOD−0.096\< 0.001−0.100\< 0.001eGFR−0.0070.576SUA0.045\< 0.0010.0330.015Glu0.0270.034

Risk factors of hs-CRP in healthy population stratified by gender {#Sec9}
-----------------------------------------------------------------

Considering the possible effects of gender on serum hs-CRP levels, we analyzed the risk factor of hs-CRP in male and female respectively. In the male subgroup, the multivariate linear regression analysis showed that serum levels of hs-CRP correlated significantly with the age (*β* = 0.037, *P* = 0.026) and SUA (*β* = 0.034, *P* = 0.042), but negatively correlated with the levels of HDL-c (*β* = − 0.041, *P* = 0.014) and SOD (*β* = − 0.086, *P* \< 0.001) (Additional file [1](#MOESM1){ref-type="media"}: Table S1).The correlations between hs-CRP and these factors in the male population were shown in Figure [2](#Fig2){ref-type="fig"}.Similarly, in the female subgroup, results from the multivariate linear regression analysis were generally consistent with the male subgroup (Additional file [1](#MOESM1){ref-type="media"}: Table S1).Figure [3](#Fig3){ref-type="fig"} showed the correlations between hs-CRP and these factors in the female population.Fig. 2Scatter plot with linear regression line showing the correlations between hs-CRP and age (**a**), SOD (**b**), HDL-C (**c**) and SUA (**d**) in maleFig. 3Scatter plot with linear regression line showing the correlations between hs-CRP and age (**a**), SOD (**b**), HDL-C (**c**) and SUA (**d**) in female

Risk factors of hs-CRP in healthy population stratified by age and gender {#Sec10}
-------------------------------------------------------------------------

A higher level of hs-CRP was associated with ageing and male in 6060 healthy population (Table [1](#MOESM1){ref-type="media"}), further analysis was performed to identify the co-risk factors for hs-CRP in healthy people stratified by the mean age and gender. In healthy population with age of less than 45-year-old, the univariate linear regression analysis showed that levels of hs-CRP positively correlated with SUA(*P* \< 0.05), but negatively with levels of HDL-c and SOD (*P* \< 0.05) in both genders, which were further confirmed by the multivariate linear regression analysis (Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}). Similar results were also found in those with age more than 45-year-old subpopulation (Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}).Table 3The relationship between hs-CRP and biomarkers in healthy male populationLinear regression analysis(18 ≤ age ≤ 45) (*n* = 1945)Linear regression analysis(age \> 45)(*n* = 1727)Univariate analysisMultivariate analysisUnivariate analysisMultivariate analysis*βPβPβPβP*Age0.0040.8460.0230.346TG0.0040.847−0.0180.461CHOL−0.0050.811−0.0370.120LDL-C−0.0020.935−0.0390.108HDL-C−0.0640.005−0.0600.008−0.0810.001−0.0810.001SOD−0.140\< 0.001−0.143\< 0.001− 0.0650.007− 0.0740.002eGFR−0.0120.5940.0040.860UA0.0780.0010.0650.0040.0550.0210.0490.041Glu0.0310.1770.0100.671Table 4The relationship between hs-CRP and biomarkers in healthy female populationLinear regression analysis(18 ≤ age ≤ 45) (*n* = 1101)Linear regression analysis(age \> 45)(*n* = 1287)Univariate analysisMultivariate analysisUnivariate analysisMultivariate analysis*βPβPβPβP*Age0.0160.5960.0790.005TG0.0270.3740.0230.410CHOL0.0340.256−0.0020.937LDL-C0.0410.1790.0170.547HDL-C−0.110\< 0.001−0.112\< 0.001− 0.129\< 0.001−0.120\< 0.001SOD−0.165\< 0.001−0.169\< 0.001− 0.139\< 0.001−0.140\< 0.001eGFR0.0430.154−0.0290.297UA0.0840.0050.0620.0370.142\< 0.0010.109\< 0.001Glu0.0060.8520.0450.103

Discussion {#Sec11}
==========

The present cross-sectional study revealed that serum levels of hs-CRP were increased with ageing and higher in male than female in Chinese healthy population. Our results showed that higher serum levels of hs-CRP were strongly associated with higher levels of SUA, lower levels of HDL-c and enzymatic antioxidants SOD. These results suggested that elevated serum levels of SUA might trigger CRP production, whereas serum HDL-c and SOD might have an opposite effect. Thus, serum levels of hs-CRP may be a useful indicator for ageing in healthy population.

Ageing is thought to be related to the inflammatory processes. Numerous studies have shown that levels of several cytokines, especially IL-6, TNF alpha and CRP, increase with age in the absence of acute infection \[[@CR20], [@CR21]\]. In the present study, we found that elevated levels of hs-CRP levels were correlated with ageing. Interestingly, consistent with previous population-based studies \[[@CR22], [@CR23]\], we also found that high serum levels of CRP were significantly correlated with elevated levels of SUA but low levels of HDL-c and SOD. Hyperuricemia has been shown to contribute to the development of hypertension, chronic kidney disease, cardiovascular diseases, type 2 diabetes mellitus and the metabolic syndrome by inducing endothelial dysfunction and pathologic vascular remodeling \[[@CR24]--[@CR27]\]. Thus, SUA and CRP may share common features in vascular remodeling, and it is possible that SUA may trigger CRP expression. Currently, evidence from experimental studies has shown that mitogen-activated protein kinases (MAPK) signaling is a common pathway by which uric acid triggers CRP production in vascular smooth muscle cells and vein endothelial cells \[[@CR28]--[@CR30]\]. It has also been shown that the addition of UA is able to stimulate the expression of CRP by activating the proinflammatory NF-κB signaling cascade \[[@CR31]\]. Also, we recently revealed the pathogenic role for CRP in acute and chronic kidney diseases via a NF-κB-dependent mechanism \[[@CR32]--[@CR34]\]. Furthermore, changes of hs-CRP have been applied as a biomarker clinically as evidenced by the lowering of serum CRP in response to various treatments under disease conditions \[[@CR35]--[@CR39]\].Taken together, results from the present study suggested that CRP might not only be a biomarker and mediator for inflammatory disease, but also as a sensitive indicator for the healthy ageing.

The gender difference with respect to the serum levels of CRP has not been fully clarified. Previous studies have shown a higher prevalence of high hs-CRP concentrations in Inuit or Pakistan women populations than that in men \[[@CR40], [@CR41]\]. In our study, we found that higher levels of hs-CRP were more prevalent in male than female individuals. This maybe partly attributed to the higher level of SUA but lower level of HDL-c. Previous studies also reported that circulating levels of CRP in elderly subjects were positively correlated with levels of blood glucose and HbA1c, but inversely correlated with renal dysfunction \[[@CR42]--[@CR45]\]. However, in this population-based study, we could not find any relationship between hs-CRP and Glu or eGFR. This may be largely due to the normal levels of Glu and eGFR in the healthy population.

There are some limitations in this study. First, since this study was retrospectively based on the healthy population who underwent routine healthy examination at clinic, we are unable to acquire data regarding BMI, smoking habit, and other information that are potentially associated with the occurrence of inflammation and their consequences \[[@CR3]\]. Second, since CRP was co-existing with other inflammatory conditions, our retrospective data may not be able to exclude those with minor acute inflammation, although the enrolled subjects were apparently healthy. Finally, since the majority of our study subjects were limited to those with age between 30 and 60 years old, the study outcomes may be more generalized to young and middle-aged healthy people, despite the fact that high serum levels of CRP were found in the population with age more than 65 years old.

Conclusions {#Sec12}
===========

This retrospective study shows that serum levels of hs-CRP are increased with ageing, particularly in male than female healthy population. Furthermore, elevated serum levels of hs-CRP are associated with high levels of SUA, but low levels of HLD-c and SOD, suggesting that the inflammatory status may also contribute to ageing in the healthy population.

Additional file
===============

 {#Sec13}

Additional file 1:**Table S1.** The relationship between hs-CRP and biomarkers stratified by gender in healthy population. **Table S2.** The relationship between hs-CRP and biomarkers stratified by age in healthy population. (DOCX 20 kb)
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